ABSTRACT. This study analyses some of the consequences of adopting a functional/ modelling approach to the teaching of algebra. The teaching of one class of 17 students was observed over five weeks, with 15 students undertaking both pre-and post-tests and 6 students and the teacher being interviewed individually. Use of graphics calculators made the predominantly graphical approach feasible. Students made considerable progress in describing linear relationships algebraically. They commented favourably on several aspects of learning concepts through problems in real contexts and were able to set up equations to solve contextualised problems. Three features of the program exerted a 'triple influence' on students' use and understanding of algebraic symbols. Students' concern to express features of the context was evident in some responses, as was the influence of particular contexts selected. Use of graphics calculators affected some students' choice of letters. The functional approach was evident in the meanings ascribed to letters and rules. Students were very positively disposed to the calculators, and interesting differences were observed between the confidence with which they asked questions about the technology and the diffidence with which they asked mathematical questions.
INTRODUCTION
A brief overview of Australian school mathematics textbooks shows that linear functions are a key topic. Typically students are introduced to standard explicit and implicit forms of function rules such as y = mx + c and ax + by = c. Following the textbook sequence, they are taught to graph functions, taking consideration of both the x and y intercepts and the gradient of the function. Next students solve simple equations for x graphically and perhaps find the intersection of two functions. Symbolic equation solving may precede or follow graphical work. Finally there is usually a section of context based 'word problems' designed to illustrate applications of the theory studied. Class teachers commonly report two Author for correspondence.
International Journal of Science and Mathematics Education (2004) 2: 353-376 things: first, that during the unit of work students repeatedly ask "What are we doing this for?" and second, that when the students start the context based problems (usually word problems) they are unable to apply what they have learned.
In the study reported in this paper, a group of students were taught algebra through an approach that developed concepts through a series of problems based in a real world context. To assist with this alternative approach, students were given access to graphics calculators in all lessons. From the pre-test, post-test, interviews and observation we see that students engaged with the context of problems, gained skills in using technology and made important progress in both their understanding of, and facility with, algebra. This paper reports on two different aspects of the impact of the teaching program: first the students' response to the emphasis on contextbased learning and the use of technology, and second the influence of both the content and teaching approach on students' understanding of, and facility with, algebraic symbols.
THIS STUDY
The seventeen year 8 students (about 13 years old) who participated in this study were classified by their school as being of above average ability. In the experience of the class teacher, the range of abilities in this group was narrower than that of a standard class but there was still diversity in their mathematical backgrounds. The class teacher, a respected and experienced mathematics teacher, was thoroughly familiar with this class of students, whom she had been teaching for more than 12 months, and was also familiar with the usual textbook approach to teaching linear functions as well as the basic features of the graphics calculator. Teaching this topic with heavy use of graphing technology was, however, new to her.
For the purpose of this study, the students did not use their normal textbook, but followed the linear functions chapter from Asp, Dowsey, Stacey and Tynan's (1995, 1998) Graphic Algebra: Explorations with a Function Grapher, a book that arose from research conducted during the 1991-1994 Technology-Enriched Algebra Project at the University of Melbourne. The class teacher followed the recommendation of the authors of this text that students work through this material at their own pace punctuated by teacher intervention and whole class discussion. These interventions were sometimes used to teach calculator skills and at other times used to draw the students' attention to important features of the algebra. For example at different points, the teacher emphasized the meaning of letters as vari-
